Seminal vesicle F gene, encoding an androgen-regulated serine-rich structural protein of the rat copulatory plug, has been sequenced together with 5' and 3' flanking regions. The intron/exon arrangement of the gene deduced from restriction maps was confirmed. The major and possible minor transcriptional start points were located by primer extension analysis and S-^ nuclease mapping. A published nucleotide sequence for seminal vesicle S gene which also encodes an androgen-regulated protein of the copulatory plug has been extended to allow comparison of F and S genes. The considerable sequence homology between the two genes confirms their evolutionary relatedness. Homology is especially high in their promoter regions and their transcriptional start points are identical. They share several regions of dyad symmetry including one just upstream of the promoter. The upstream regions of F and S genes were compared with those of five other androgenresponsive rodent genes in an attempt to identify common sequence motifs that might be involved in hormonal regulation of gene expression.
INTRODUCTION
The seminal vesicles of the male rat serve as a model system for studying the molecular mechanism of androgenic steroid hormone action [1, 2] . In this tissue, testosterone regulates the synthesis of major seminal plasma proteins, including two (proteins S and F) that have been extensively characterised and serve as markers for hormone action [3,A] .
Withdrawal of testosterone is accompanied by dramatic decreases in the cellular concentrations of mRNAs encoding these proteins, an effect that can be readily and completely reversed by testosterone in vivo [5] [6] [7] [8] .
In order to explore the precise point(s) at which testosterone acts in the process of gene expression, we have isolated and characterised both genomic and cDNA clones for genes S and F [9, 10] . We now report the nucleotide sequence of the F gene and the location of its transcriptional start point, together with additional sequence data for the S gene. Comparison of the two sequences confirms their evolutionary relationship. Finally, we have compared the upstream flanking regions of the S and F genes with those of five other androgen-responsive genes with a view to identifying common sequence motifs that may be important for hormonal regulation.
MATERIALS AND METHODS
Details of all materials and methods not specifically mentioned here have been reported [3, 5, [8] [9] [10] [11] .
Recombinant Clones
Phage X recombinants, XgF9 and XgS7, containing genomic sequences covering the F and S genes together with their 5 1 and 3' flanking sequences were isolated from a rat genomic library as described [9] . The 5.8 kbp EcoRI fragment spanning the F gene [10] was subcloned from XgF9 into plasmid pBR328 [12] to form pgF9E2 [10] . Recombinant plasmid pcF6 containing a full-length cDNAp sequence has been constructed [10] and ccmpletely sequenced [11] .
Nucleotlde sequencing
Restriction fragments ( Figure 1 ) from pgF9E2 [10] were subcloned into coliphage M13 vectors mplO and mpll [13] . The ^2.0 kbp Bglll-Xbal genomic fragment from recombinant phage XgS7 [9] covering the major transcriptional start point of the S gene [14] and <\,1.9 dbp of upstream sequence was subcloned into plasmid pUC12 [14] . Suitable restriction fragments were then subcloned into M13 mplO and mpll. The coliphage DNA was then purified [15] and sequenced by primed synthesis under chain terminating conditions [16] .
Products were analysed on ultra-thin polyacrylamide gels [17] .
Location of the Transcriptional Start Point of the F Gene
Both primer extension analysis [18] and mapping with S^ nuclease [19] were used in a strategy that allows the two methods to be compared directly.
Plasmid pgF9E2 was linearised using the unique Xhol site in the 5' exon [10] and then 5 1 end-labelled with [ a -32 P]ATP and polynucleotidyl kinase [20] .
Primer Extension Analysis A uniquely-labelled 51 nt fragment was generated by exploiting the Hpall site upstream from the Xhol site ( Figure 1 ). Primer strands were separated on a denaturing polyacrylamide gel [16] and the 5' end-labelled primer strand (0.1 ^g) was hybridised to 0.1 ng of seminal vesicle poly(A) + RNA (<\,5% mRNAj.) [5, 8] at 60° C in 0.12 M NaCl. The hybridised primer was then extended with reverse transcriptase (avian myeloblastosis virus; •v-lO units) in the presence of 2 mM each of dATP, dGTP, dCTP and dTTP in 10 pi of 6 mM magnesium acetate, 6 mM DTT, 50 mM Tris-HCl, pH 8 [21] . The extended products were analysed by polyacrylamide gel electrophoresis [16] . Primer extension under chain terminating conditions [22] was used to sequence the 5' end of mRNApMapping A uniquely-labelled fragment covering the likely transcriptional start point was generated from 5' end-labelled pgF9E2 (see above) using Kpnl which has a site -\-2.0 kbp upstream from the Xhol site [10] . After purification by electroelution from a 0.8% native agarose gel [23] , the Kpn-Xho fragment (^2 |ig) was hybridised with %0.1 ng of seminal vesicle poly(A) + RNA for 15 min at 85° C in 10 ^1 deionised formamide, 0.4 M NaCl, 1 mM EDTA, 40 mM PIPES, pH 6.4 followed by 16 h at 52° C [19] .
Digestion buffer (300 nl of 0.28 M NaCl, 4.5 mM zinc acetate, 30 mM sodium acetate, pH 4.4 plus 6 )-ig denatured salmon sperm DNA) was added then 8 units of S^ nuclease (BRL). The reaction was terminated after 1 h at 37° C by adding 75 (jl of 50 mM EDTA, 2.5 M ammonium acetate. The nucleic acids were precipitated using 10 j^g carrier yeast tRNA plus 400 ul isopropanol and were analysed on polyacrylamide gels followed by autoradiography at -70° C.
Comparison of Nucleotlde Sequences
Sequences were aligned with computer assistance to maximise homology.
NUCALN [24] and AUT0MCH [25] programs gave similar results. Homology (%)
between DNA regions is defined as matched bases x 100.
aligned bases + gaps Sequences were also analysed for regions of direct repeats, dyad symmetry and specific subsequences using programs of Wilbur and Lipman [25] .
RESULTS AND DISCUSSION
Nucleotide Sequence and Structure of the F Gene Genomic clone XgF9 contains a %14.0 kbp stretch of the rat genome encompassing the entire F gene (1.7 kbp) plus ^3.2 kbp of 5' flanking sequence and ^9.0 kbp of 3' flanking sequence [10] . The restriction map of the cloned F gene is identical to that of the natural F gene in rat tissues [10] .
The nucleotide sequence of the F gene shown in Figure 1 covers all three exons, the major portion of the 5' intron (intron I), parts of the 3' intron (intron II) and extends into the flanking regions by 400 bp upstream and 130 bp downstream. The sequence confirms the intron/exon arrangement of the F gene deduced from restriction maps [10] . The sequence of the exons agrees with the sequence of mRNAj, derived from cDNA F [11] . The F gene sequence (upper sequence) was determined by the dideoxy chain terminator method [16] . Comparative sequence data for the S gene are taken from Harris et_ sil^. [29] augmented in the present study by Fig.3 Comparison of Transcrlptlonal Start Points of Seminal Vesicle Genes Sequences of genes F (upper) and S (lower) are compared upstream from the start of the protein coding sequence. The principal transcriptional start point (T^) and the two minor start points (T2 and T3) of the S gene were located by Kandala et_ al^. [14] and Harris £££!_• [29] . TATA boxes referred to in the text are underlined. Details are in Figure 1 and the text.
5' end of mRNAp. I n other instances, S^ nuclease may 'nibble' into the end of the protected hybrid, even though attempts to control for this by varying the digestion conditions were unsuccessful (data not shown).
The S gene has at least two minor upstream transcriptional start points [14] (Figure 3) . One of our cDNAg clones (pcS2) [9] represents an mRNAg transcribed from one of these [11] . Of note is that one of the minor extension products seen in primer extension analysis of the F gene (137 nt, Figure 2 ) corresponds exactly with the more distant S gene minor start point (T2, Figure 3) . Thus, there is circumstantial evidence for a minor transcriptional start point in the F gene but it accounts for no more than 0.1% of mRNAp (based on autoradiographic signals) and this may explain why it was not detected by S^ mapping.
Comparison of the Nucleotide Sequences of F and S Genes
The F and S genes are typical eukaryotic genes with similar overall structures except that intron II of the S gene (intron H s ) is substantially larger than intron II of the F gene (intron II F ). Both encode highly basic, serine-rich structural proteins of the copulatory vaginal plug [2, 3, 11] and are subject to identical developmental [31] and tissue-specific androgenic regulation [5] [6] [7] [8] [9] [10] . Comparison of mRNAp and mRNAg has already indicated that the two genes probably arose by duplication of an ancestral sequence [11] . We therefore compared the genes themselves to see whether their flanking sequences and introns are also The high homology already noted between the 5' UTRs of mRNAj. and mRNAg [11] extends into the 5' flanking regions immediately upstream of the transcriptional start point (Table 1) , a region that contains the promoter [26, 32] . Each gene possesses a classic 'TATA box' (TATATAA, Figure   3 ) at the characteristic distance (29 bp) ahead of the principal start point. The other promoter element present in some genes, the 'CAAT box' (GGPyCAATCT) [26, 32] , is not obviously present in the F gene. Sequences resembling it occur at -90 (GACATTTAC) and at -70 (GGTCATTT) but only the former is also present in the S gene.
The lower transcriptional activities of the minor start points of the S gene (T2 and T3, Figure 3 ) and the even lower activity of T2 in the F gene can probably be ascribed to the imperfect nature and positioning of their respective TATA boxes (Figure 3) . The absence of a transcriptional start point in the F gene corresponding to T-j of the S gene may be readily explained since the appropriate TATA box is missing from the F sequence ( Figure 3 ).
Beyond the promoter, homology between the two genes decreases (Figure 1) but remains sufficiently high throughout both the 5' and 3' flanking sequences to suggest that the proposed ancestral gene duplication [11] involved the entire gene sequence. Subsequently the two genes have diverged mainly by point mutation rather than by major insertion/deletion/rearrangement [11] . Nevertheless intron Ilg ('vllOO bp) is substantially larger than intron lip (^650 bp). Alleles of S exist differing in the number of copies of a 20 bp sequence present in intron II [29] . Sequence comparison ( Figure   1 ) and hybridisation data (not shown) suggest that this repetitive sequence is absent from intron Up. This readily explains the size difference in intron II and makes it unlikely that the repetitive sequence plays any role in hormonal regulation. Since it is also unstable in cloning (E. Mclntosh and C. McDonald, unpublished observations), this probably explains differences in the reported sizes of restriction fragments spanning this region of the S gene [9, 14, 29, 33] . With this exception, there is substantial homology between the available sequences of intron lip and intron Ilg especially at the intron/exon junctions. Since the beginning of 3' exon r is highly homologous with the end of intron II S , it seems probable that a mutation in the splicing acceptor site of either S or F has resulted in 'junctional sliding 1 [34] and this contributes to the length for the stem-loop structure in this region has been provided using Sn uclease [35] . We, therefore, searched both F and S genes for dyad symmetries in equivalent regions using a computer programe [25] . This trol loci through which steroid hormones regulate gene expression [36, 37] .
All of these implicate the region upstream from the promotor [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] . The best characterised response elements are enhancer-like sequences for glucocorticoids in mammary tumour virus [46, 47] . So far, androgen regulatory sequence elements (ARSEs) have not been described. Their identification might be aided if the upstream flanking sequences of a number of androgenresponsive genes were compared for common sequence motifs.
We compared the 5 1 regions of S and F genes with three rat prostate genes (Cl, C2 and C3) [48, 49] and two mouse renin genes (Ren 1 and Ren 2) [50, 51] the only androgen-responsive genes for which sufficient sequence data are available. Unfortunately, they do not constitute seven independent genes but three evolutionarily-related groups (seminal vesicle, prostate and renin).
Upstream the seminal vesicle and prostatic genes can be compared fairly easily. In contrast, Ren 1 and Ren 2 diverge approximately 180 bp upstream from the cap site, due mainly to the inclusion of an Alu-2 repetitive element in Ren 2, but at a point 200 bp further upstream strong homology is resumed [50] .
Computer assisted alignment [24, 25] shows several regions of significant sequence similarity (Figure 4 ). The only strong sequence homology common to all the genes is found in the TATA boxes, which is to be expected [26, 32] . Other sequence motifs common to F and S that are also shared by some of the other genes include: (i) TT(G)TGCCTT between -60 and -70, and may be a CAAT-like promotor element [26, 32] . Sequences resembling (iii) and (iv) are found in all the genes but the overall consensus is rather weak. While some of these regions may play a role in hormonal control, simple sequence comparisons such as these do not warrant implicating any of the regions shown in Figure 4 as ARSEs• Sequence comparison also discounts a role in hormone action for the upstream purine-rich sequences of the type (GA).Q TJ found in Ren 1 and Ren 2. The only other gene with highly repetitive GA Is the C3 gene with (GA)g at -370.
Thus sequence comparisons such as these have not revealed any obvious common sequence motifs worth considering as ARSEs. Of course ARSEs may display tissue-specific and/or species-specific sophistications. In which case, the group of genes we have used would not be suitable for comparative purposes. Alternatively, the response elements may involve secondary structures rather than simple sequence motifs. In any event, it seems that androgen control loci will have to be defined mechanistically using cell transformation and in vitro mutagenesis.
